Grid Computing provides an efficient way for parallelizing and gridifying computationally and data intensive applications of various research fields. One of these application areas is molecular dynamics. In this paper we examine a biochemical application that generates conformers by unconstrained molecular dynamics at high temperature to overcome conformational bias then finishes each conformer by simulated annealing and energy minimization to obtain reliable structures. We provide a general way for turning biochemical applications into Grid workflows that can be executed by Grid portals exploiting the computational power of available production Grids. First we describe the gridification process, then provide experimental results that show the achieved speedup of the ported application.
Introduction
E-Science infrastructures play an important role in enabling large-scale scientific research. In order to establish such e-infrastructures, various Grid systems have been created and run in production as a service for the scientific community. While several years ago users and companies having computation and data intensive applications looked sceptical at the forerunners of Grid solutions, Grid Computing [3] has become a separate research field: currently Grids are targeted by many world-wide projects. Research groups were forming around specific middleware components and different research branches have arisen. Many user groups from various research fields put their trust in Grids, and usage statistics and research results show that they were undoubtedly right. Nowadays research directions are focusing on user needs, therefore more efficient utilization and interoperability play the key roles. The current wave of Grid research targets user support [4] . Though several production Grid solutions are available today (eg.
[1], [9] , [8] ), the application of these systems is still not widespread.
Nevertheless we already have good examples that show how beneficial these systems can be [11] , especially for biology, chemistry and physics.
In this paper we examine a biochemical application that generates conformers of flexible molecules, here a tetrapeptide (Tyr-Pro-Phe-Phe-NH2), by unconstrained molecular dynamics at high temperature to overcome conformational bias then finishes each conformer by different statistical modeling (SM) methods to obtain reliable structures. These structures were successfully used to obtain the active conformation of the peptide for its receptor (mu opioid receptor) by QSAR modeling assisted with an efficient variable selection algorithm. We provide a way for turning biochemical applications into Grid workflows that can be managed and executed through high level graphical interfaces offered by Grid portals exploiting the computational power of available production Grids. Regarding related works, Valverde in [13] has already shown, how to execute TINKER binaries [12] in EGEE Grids [1], but this solution used only low-level, command line interface. On the contrary, we propose a general, high-level solution using Grid portals, which provide graphical user interface for non-Grid expert users. The general gridification process we introduce in this paper can be applied to any parallelizable application, but the final Grid workflow is highly dependent on the structure (the number and order of algorithms used) of the appropriate application.
The rest of the paper is organized as follows. In Section 2 we introduce the biochemical application and discuss its requirements. In Section 3 we introduce our approach for gridification, and in Section 4 we present the evaluation result of our proposed solution. Finally, we conclude our paper in Section 5.
The TINKER Conformer Generator Application
The application (shown in Figure 1 ) generates conformers by unconstrained molecular dynamics at high temperature to overcome conformational bias (T) then finishes each conformer by simulated annealing and/or energy minimization to obtain reliable structures. The parameter files contain reference for the molecular force field (here Amber99), vacuum/implicit water (here GBSA) environment, target temperatures, etc. The aim is to obtain conformation ensembles to be evaluated by multivariate statistical modeling. It uses the TINKER library [12] for molecular modeling for further QSAR studies and drug development. The target end users are biologists or chemists, who need to examine molecule conformers with the TINKER package. The conformer generation algorithm in its present form comprises five different conformer finishing methods:
(i) minimizing the initial conformational states generated at high temperature (TM), (ii) performing a short low temperature (e.g. 300 K) dynamics with the high temperature conformations to simulate a low temperature thermodynamical ensemble (TD), (iii) minimizing the above low temperature states (TDM),
